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(54) Centrifugal debris catcher 

(57) Adebriscatchercomprisingaconicalscreenfilter(14)inadrillstring(10)whichdefinesanarinularaccumulationspace 
1 6) between the screen andthe inner wall of the drill string. The central portion (20) of the screen isopen to establish an 
unimpeded flow path. A centrifugal deflector (28), impeller or similar device upstream from the screen establishes a helical 
flow pattern in drilling mudwhereby debris entrained in the mud is forced outwardly by centrifugal action. The debns isthen 
caught in the annular accumulation space(16)betweenthescreen(14)andthedrlllstring wall whenthemudflows through 

the screen (1 4) . If the accumulator (1 6) fills or the screen (1 4) becomes clogged, mud will still flow through the center flow 
passage. 
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FIG. I 



CENTRIFOGAL DEBRIS CATCHER 



2206503 



This invention relates generally to a device for 
collecting and filtering foreign matter and debris 
from drilling mud flowing through a drill string- 
More particularly, this invention relates to a 
debris catcher and filter positioned downhole 
within the drill string upstream of a mud powered 
turbine (or other downhole device, the operation of 
which might be jeopardized by debris in the mud 
stream) to collect and filter miscellaneous debris 
from the drilling mud prior to its entering the 
turbine, while still permitting large quantities of 
lost circulation material to pass therethrough. 

A well-known problem in the oil well drilling 
and related fields has been the undesirable pre- 
sence of foreign matter and debris in the drilling 
mud which flows through a drill string. Such 
debris will act to jam or disrupt instrumentation 
and other devices in the drill string. Surface 
operated devices, such as desanders or filters, are 
known for filtering the mud at the surface. How- 
ever, these surface devices do not solve the 
problem of debris which enters the mud downstream 
from the surface equipment, such as, for example, 
debris which breaks loose from the inner surface of 
the pipe. 

Measurement-while-drilling (MWD) systems which 
use mud powered turbines to generate power downhole 
are faced with a particularly serious problem from 
foreign matter in drilling mud. It is well-known 
that such mud powered turbines are subject to field 
failures when debris in the drilling mud lodges in 
the turbine to jam or prevent the turbine rotor 
from rotating. While prior art filters or debris 
catchers are known, in many cases the drilling 
operator resists installing such known filters or 



debris catchers in the drill strina because of a 
concern that the filter may become clogged if lost 
circulation material is pumped downhole. A clogged 
filter acts to halt circulation of drilling mud and 
leads to even more serious problems than those 
problems discussed above with regard to the exis- 
tance of debris in the drilling mud. In other 
words / an operator would rather have debris in. the 
drilling mud than take a chance that by using a 
filter, the filter would become clogged and hence, 
the drilling mud would cease to circulate. 

Because of this fear of clogged debris catchers 
or filters, prior art devices (fishing plugs) have 
been provided for retrieving a part of the filter- 
ing apparatus should it become clogged. In that 
case, by retrieving the filtering apparatus, an 
opening will be provided for the passage of mud. 
However, even those debris catchers which provide 
means for retrieving a part of the filtering appa- 
ratus are unacceptable to many MWD users because of 
a concern that operating circumstances may make it 
impractical to retrieve a fishing plug and thereby 
open a flow area through the debris catcher. 

The purpose of the present invention is to 
alleviate or overcome the above described and other 
problems and drawbacks of the prior art. 

In accordance with the present invention there 
is provided an apparatus for catching debris in 
fluid flowing through a pipe segment comprising: 

means for imparting a helical flow pattern to 
the fluid; and 

filter means spaced downstream from said heli- 
cal flow pattern imparting means, said filter means 
extending axially along said pipe segment and defi- 
ning an annular accumulation space between the 
pipe segment and said filter means , and 



said filter means having spaced aoart first and 

second open ends . 

The debris catcher includes a conical screen 
(filter) in the drill strina which defines an annu- 
lar accumulation space between the screen and the 
inner wall of the drill string. The central por- 
tion of the screen is open to establish an unim- 
peded flow path. An impeller or similar device 
above i.e., upstream from, the screen establishes a 
helical flow pattern in the drillinq mud whereby 
debris entrained in the mud is forced outwardly by 
centrifugal action. The debris is then caught in 
the annular accumulation space between the screen 
and the drill string wall when the mud flows 
through the screen. If the accumulator fills or 
the screen becomes clogged, mud will still flow 
through the center flow passage. The debris 
catcher of the present invention may be positioned at a 
downhole location within the drill string upstream 
and preferably in the immediate proximity of a mud 
powered turbine. 

Some embodiments of the invention will now be 
described by way of example and with reference to 
the accompanying drawings, in which 

FIGURE 1 is a cross -sect ional elevation view of 
a debris catcher mounted in a drill string in 
accordance with' a first eribocliment; 

FIGURE 2 is a cross-sectional elevation view, 
similar to FIGURE 1, of a second embodiment of a 
debris catcher and 



FIGURE 3 is a plan view of a filter. 



Referring fir^st to FIGURE 1, a debris catcher in 
accordance with a first: embodiment is j:hown 
mounted in a seament of a cvlindrical drill collar 
1Q. The debris catcher is generally comprised of 
two elements mounted in drill segment 10 including 

(1) means 12 for imparting a helical motion to 
drilling mud flowing through the drill segment; and 

(2) a conical screen 14 which defines an annular 
accumulation space 16 between screen 14 and the 
inner wall 18 of drill string segment 10. Screen 
20 has flow holes 19, and the central portion 20 of 
screen 14 is open to establish an unimpeded flow 
path for the drilling mud. Filter 14 is mounted at 
its base 22 on a filter ring 24; with filter ring 
24 being held in place in drill string 10 by 
retainer ring 26. While filter 14 is shown as 
conical, it could also be of other shapes, e.g., 
cylindrical, as long as it defines an annular accu- 
mulation space between the filter and the inner 
wall of the drill string. 

It will be appreciated that any suitable appa- 
ratus for imparting a helical motion to the dril- 
ling mud may be used in accordance with the debris 
catcher of the present invention. In the example 
shown in FIGURE 1, an impeller comprised of a 
series of angled blades or vanes 28 is utilized to 
impart the helical motion. Blades 28 are mounted 
by suitable connectors 30 (socket set screws) to a 
diffuser shaft 32. Diffuser shaft 32 includes a 
plurality of annular ly arranged openings 34 there- 
through which are aligned with each of the vanes 
28. Shaft 32 is keyed to drill string 10 by sui- 
table socket set screws or other connecting devices 
36. The protruding tip 38 of shaft 32 may have any 
suitable shape including the square shape shown (or 
the rounded shape indicated by the dotted lines). 
Thus, when drilling mud flows through annul arly 



spaced openings 34 of shaft 32, the mud will strike 
vanes 28 whereby a helical flow pattern will be 
imparted to the mud as indicated by the arrows in 
FIGURE 1 . 

Drill string segment 10 shown in FIGORE 1 will 
be located downhole in a drill String- Preferably, 
drill segment 10 is located immediately upstream of 
a mud powered turbine (or other apparatus which may 
be jeopardized by debris) for filtration and col- 
lection of any debris in the mud prior to its 
reaching the turbine rotors and thereby jamming or 
preventing the rotors from rotating. As mentioned, 
the impeller device comprising vanes 28 mounted on 
a diffuser shaft 32 will impart a helical flow 
pattern to the drilling mud flowing through the 
drill string towards the mud powered turbine* The 
resultant centrifugal action of the flowing mud 
will force any debris towards the outer diameter of 
drill string 10 (against inner wall 18), The 
debris is then caught in the annular accumulation 
space 16 between screen 14 and inner drill string 
wall 18, while the mud will continue to flow both 
through opening 22 and through holes 19 in screen 
16. 

An important feature of the present invention is 
that if accumulator space 16 becomes filled or if 
screen 14 becomes clogged, drilling mud will 
continue to flow through center opening 22 thus 
providing uninterrupted flow of power fluid to the 
turbine- This is in distinct contrast to prior art 
debris catchers which, upon becoming filled or 
clogged, preclude any further mud flow there- 
through; which in turn precludes further rotation 
of the turbine rotors. 

As mentioned, the present invention contemplates 
any suitable means for creating a helical flow 
pattern to. the flowing drilling mud including the 



vane impellers of FIGURE 1 or any other device 
located alonq the center line of the mud column or 
along the bore of the drill collar which would 
impart such helical motion and centr i f ugal 1 v force 
debris to the outside of the drill string i.e., 
inner wall 18 of drill string 10. One such alter- 
native method of creating a helical flow pattern is 
shown in FIGURE 2. It will be appreciated that 
those elements which are similar or identical to 
the elements of FIGURE 1 are similarly identified 
in FIGURE 2 with the addition of a prime (M super- 
script. In the FIGURE 2 embodiment, a plurality of 
angled or bent nozzLes 40 are used to direct the 
flow of mud through openings 34' in a helical path 
rather than the vane structure 28 of FIGURE 1 . As 
with vanes 28, nozzles 40 are annul arly mounted 
about central shaft 32'. A retaining block 42 is 
keyed to shaft 32' via a socket set screw or other 
connecting device 44. 

A protective sleeve 45 may be provided along 
inner wall 18' of drill string segment 10' around 
screen 14' to prevent excessive abrasiveness and 
erosion caused by the swirling and agitated debris 
caught in annular space 18'. Sleeve 45 may be com- 
prised of any suitably hard material such as 
tungsten carbide. A rubber liner may also be used 
to preclude such abrasion. This sleeve or liner 
may also be incorporated in the embodiment of 
FIGURE 1 . 

In another preferred embodiment shown in FIGURE 
3, the conical filter 14" may be provided with 
vanes 46 at base 22* thereof to segment the 
exterior of filter 14" and form pockets 48. 
Pockets 48 act to trap the swirling debris and 
thereby lessen or altogether avoid the problems 
associated with abrasion and erosion from the 
swirling debris. 



The debris catchina device of the present 
invention has been tested and shown to be very 
successful in both a horizontal and vertical mode 
catchina over 98% of the foreign particles added to 
the drilling mud. In these tests, means of both 
the types shown in FIGURE 1 and FIGURE 2 for 
creating a helical flow pattern were utilized. 

The testing utilized plastic, glass, aLnd steel 
balls, and gravel which were introduced into a cir- 
culating mud stream pumped through the Test appara- 
tus. The characteristics of this artificial debris 
are listed in Table 1. 

TABLE 1 
ART IFICIAIi DEBRIS 



MATERIAL 

Soda-lime glass balls 

Soda- lime glass balls 

Carbon steel balls 

Carbon steel balls 

Nylon balls 

Nylon balls 

Polypropylene balls 

Po 1 ypr opy 1 ene ba lis 

Gravel 

Gravel 

Gravel 



DENSITY DIAMETER QTY. 



2,13 4,0 mm 40 

2,13 7,0 mm 40 

7,88 3,2 mm 40 

7,88 6,4 mm 40 

1,40 3,2 mm 40 

1 ,40 6,4 mm 40 

0,94 3,2 mm 40 

0,94 6,4 mm 40 

2,65 3,2 mm 40 

2,65 6,4 mm 40 

2,65 9,6 mm 15 



Total 415 

Pressure gauges and a flow meter were used to 
measure the flow variables during the tests. Both 
the vane type (FIGURE 1) and the nozzle type 
(FIGURE 2) diffuser systems were tested in vertical 
and horizontal positions. 

During each of the tests, 415 debris particles 
(Table 1) were introduced into the fluid stream 
pumped to the filter. The debris caught by the 



filter was then counted after each test shcvn :r. 
Table 2. 

The tests were very successfu) . with the dovri- 
hole filter of the present invention catch incr 99*8 
5 percent of the debris particles (i.e.. 2484 out of 
2490 particles). The few balls that passed the 
screen apparently did so due to turbulence created 
when the flow was turned off. This was confirmed 
by turnina the pump on and off 10 times and notina 
10 that an average of 1 ball passed the screen each 
time the Dump was turned off. 

A test was conducted with no diffuser blades or 
nozzles. In this test, the fluid flowed axiallv 
throuqh the filter with no swirl ina action^ Durina 
15 this test 1 3 of the 415 ©articles passed through 
the filter, compared to an average of 1 particle 
passing with the diffuser blades or nozzles, indi- 
cating that the swirl ina action of the fluid defi- 
nitely helps the filtering process. 
20 The length of the outer drill segment in tests 

1-5 was 2 feet (0.61m). 'During test 6, the segment length 
was increased to 4 feet {1.22cm) to determine if the added 
length would affect the filter performance. The 
longer filter worked ecfually well, allowing only 
25 one particle to pass. 

Flow tests were conducted to measure the pres- 
sure drop across the filter with water circulation. 
The pressure drops were very low, ranging up to 
0.55 10^ PA with the vane-type diffuser (FIGURE 
30 1) and up to 10^ PA with the tube-type diffuser 
(FIGURE 21, as shown in Table 3. 



TABLE 3 



FTIiTEP- PRESSURE DROPS 



FLOW PRESSrjRE TROP ( 10^ PA) 

RATE 

( GPM ) VANE-TYPE NOZZLE-TYPE 

180 0,137 0,21 

000 0,137 0,275 

250 0,20 ^ 0,41 

300 0,275 0,55 

350 0,41 0,90 

400 0,55 1,03 



A fine screen (20 mesh) was used diirina these 
tests to catch the artificial debris. In a commer- 
cial MWD tool, larger screen openinas (9.5 to 13 
mm) would be used, in order to catch only the large 
particles that would plug the turbine generator 
blades. 

The vane-type diffuser produces less turbulence 
thant the tube-type diffuser and is therefore pre- 
ferred since it should produce less erosion during 
long-term use. The vane-type diffuser also has the 
advantage that it is more open and therefore is 
less subject to plugging than the tube-type 
diffuser. 

The following conclusions were reached as a 
result of theses tests: 

1. The downhole filter worked well and 
should be an excellent tool for use with 
MWD tools, turbodrills or other downhole 
equipment . 

2. The filter caught over 99 percent of the 
debris during these tests. 

3. The filter works well at all orienta- 
tions, including horizontal. 
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4. The oressui-s drou across the iTiltpr?-. vjas 
only 0.14 - 10^ to 10^ PA Dsi. 

5. The tool can be very short (j-e. 2 feet (0,61in) 
excludina tool joints). 
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1. Apparatus for catching debris in fluid 
flowing through a pipe segment comprising : 

means for imparting a helical flow pattern to 
5 the fluid; and 

filter means spaced downstream from said helical 
flow pattern imparting means, said filter means 
extending axial ly along said pipe segment and 
defining an annular accumulation space between the 

10 pipe segment and said filter means, and 

said filter means having spaced apart first and 
second open ends . 

2. An apparatus as claimed in claim 1, wherein 
said means for imparting a helical flow pattern to 

15 the fluid comprises: 

a shaft in said pipe segment having a plurality 
of openings therethrough, and 

blades on said shaft communicating with said 
openings, said blades being angularly positioned 
20 to impart a helical flow pattern to fluid flowing 
through said openings • 

3. An apparatus as claimed in claim 1, wherein 
said means for imparting a helical flow pattern to 
the fluid comprises: 

25 a shaft in said pipe segment having a plurality 

of openings therethrough, and 

nozzles on said shaft communicating with said 
openings, said nozzles being angularly positioned 
to impart a helical flow pattern to fluid flowing 

30 through said openings. 

4. An apparatus as claimed in claim 1, 2 or 3 
including : 

a sleeve along said pipe segment in said 
annular space to reduce abrasion of said pipe 
35 segment * 
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5, An apparatus as claimed in claim 4, wherein 
said sleeve is tungsten carbide. 

6, An apparatus as claimed in claim 4, wherein 
said sleeve is rubber. 

5 7 . An apparatus as claimed in any preceding claim wherein 

said filter is comprised of a metal mesh. 

8. An apparatus as clainied in any preceding claim wherein 
said filter includes : 

means on said filter exterior to define a plu- 
10 rality of pockets for retaining the filtered 
debris. 

9 . An apparatus as claimed in any preceding claim wherein 
said filter is conical and tapers outwardly from 
the end closest to said means for imparting a 

15 helical flow pattern. 

10. Use of an apparatus in accordance with any 
one of claims 1 to 9 for catching debris in dril- 
ling mud flowing through a drill collar segment. 

11. An apparatus for catching debris in dril- 
20 ling mud flowing through a drill collar segment 

comprising filter means extending axial ly along 
said drill collar segment and defining an annular 
accumulation space between the drill collar 

segment and said filter means and said filter 
25 means having spaced apart first and second open 
ends. 

12. An apparatus as claimed in claim 11. 
further including means for imparting a helical 
flow pattern to the flowing drilling mud, said 

30 helical flow pattern imparting means being spaced 
upstream of said filter means , said filter means 
tapering outwardly from the end closest to said 
helical flow pattern imparting means. 

13. An apparatus as claimed in claim 12, 
35 wherein said means for imparting a helical flow 

pattern to the flowing drilling mud comprises : 
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a shaft in said drill collar segment having a 
plurality of openings therethrough, and 

blades on said shaft communicating with said 
openings, said blades being angularly positioned 
5 to impart a helical flow pattern to drilling mud 
flowing through said openings . 

14. An apparatus as claimed in claim 12, 
wherein said means for imparting a helical flow 
pattern to the drilling mud comprises : 
10 a shaft in said drilling collar segment having a 

plurality of openings therethrough; and 

nozzles on said shaft communicating with said 
openings, said nozzles being angularly positioned 
to impart a helical flow pattern to drilling mud 
15 flowing through said openings. 

15* An apparatus as clained in any of claims 11 to 14 inclu- 
ding a sleeve along said drill collar segment in 
said annular space to reduce abrasion of said 
drill collar segment. 
20 16. An apparatus as claimed in claim 15, 

wherein said sleeve is.txingsten carbide. 

17. An apparatus as claimed in claim 15 wherein 
said sleeve is rubber. 

18, An apparatus as claimed in any of claims 11 to 17 
25 wherein said filter is comprised of a metal mesh. 

1 9 . An apparatus as claimed in any of claims 11 to 18 
wherein said filter means includes means on said 
filter means exterior to define a plurality of 
pockets for retaining filtered debris. 
30 20. A centrifugal debris catcher substantially as 

hereinbefore described with reference to the accom- 
panying drawings. 
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